In the fall of 1995, a 20-day-old female ostrich chick, 1 of a group of 20, was presented live with clinical signs of 2 days duration characterized by unsteady gait, circling to the left, and walking backward. Another bird with similar clinical signs had died and another had recovered. The bird was euthanized and examined at necropsy. Twenty-five milliliters of serous fluid was in the abdominal cavity and there was increased pericardial fluid. Histopathology of the brain revealed mild to moderate nonsuppurative encephalitis characterized by mild multifocal malacia, perivascular cuffing by lymphocytes, and gliosis. The heart had multifocal infiltrations of lymphocytes mixed with macrophages and a few plasma cells throughout the myocardium. Cytopathic effects were observed in primary chicken embryo liver cells following inoculation with a tissue homogenate prepared from the brain of the affected ostrich. Virus particles the size and morphology of the family Bunyaviridae were observed in cell culture lysate by negative-stain electron microscopy. Viral characterization demonstrated that the virus isolate is a previously unknown serotypic variant (subtype) of Turlock virus. Twelve of 65 sera collected over a 3-year period from ostriches aged from 1 month to 4 years were positive for neutralizing antibody to both the Turlock prototype strain and the new subtype of Turlock virus described in this report.
signs that included circling to the left, unsteady gait, and walking backward. The bird was one of several in a group of 20 chicks with similar clinical signs, 1 of which had died and another that had recovered. All of the birds originated in the Central San Joaquin Valley of California and were kept in a large pen together with 1 breeding pair. The chicks were given ratite pellets containing 19% protein and alfalfa. The birds had not been vaccinated for any disease.
The ostrich chick was euthanized with carbon dioxide and examined at necropsy. Blood for serologic tests was collected from the femoral vein. Tissue samples were collected for virus isolation, negative-stain electron microscopy, bacteriology, and toxicology. Samples of trachea, lung, heart, liver, kidney, spleen, esophagus, proventriculus, gizzard, pancreas, intestine, thymus, thyroid, parathyroid, adrenal, skin, conjunctiva, eye, bursa of Fabricius, bone, spinal cord, peripheral nerves, and tympanic bulla were fixed in 10% neutral buffered formalin and routinely processed for histopathologic examination. Selected tissues were stained with periodic acid-Schiff (PAS), Von Kossa, and Gram stains using standard methods.
Virus isolation
Virus isolation in egg embryos. Brain tissue was triturated with sterile silica using a mortar and pestle and then suspended in buffered saline (10% w:v) containing 100 g/ml Gentamicin and 2.5 g/ml Amphotericin B. The tissue suspension was clarified by centrifugation at 1,780 ϫ g for 10 min at 4 C and then passed through a 0.2-m membrane filter. The filtered brain suspension was inoculated into the chorioallantoic sac (CAS) of 10-day-old specific pathogenfree (SPF) embryonating chicken eggs (ECEs), the yolk sac (YS) of 7-day-old SPF ECEs, and the chorioallantoic membrane (CAM) of 10-day-old SPF ECEs. 17 The eggs were in-cubated at 37 C and candled daily to monitor for embryo death. Allantoic fluid, CAMs, and yolk sacs harvested from eggs with viable embryos on the seventh day postinoculation were serially passaged in ECEs 3 or 4 times. Hemagglutination (HA) tests on allantoic fluids were performed with chicken red blood cells using standard methods. 18 Virus isolation in chicken embryo liver cell culture. Primary chicken embryo liver (CEL) cell cultures were prepared in 25-cm 2 tissue culture flasks from 15-day-old SPF chicken embryos. Cells were grown overnight in Eagle minimum essential medium (MEM) containing 10% fetal bovine serum (FBS), 2 mM glutamine, 0.17% sodium bicarbonate, and 50 g/ml Gentamicin at 37 C following a standard method. 15 The CEL monolayers were then rinsed with MEM, inoculated with brain suspension, and incubated for 1 hr at 37 C. The inoculum was decanted and the cells were fed maintenance media (MEM containing 1% FBS and 50 g/ml Gentamicin). The cultures were observed for cytopathic effects (CPE) for up to 5 days. Inoculated cultures that did not develop CPE were frozen (Ϫ80 C) and thawed 3 times, then serially passaged up to 4 times.
Electron microscopy
Thin-section electron microscopy. Culture fluid from flasks containing infected CEL cells was decanted and the cells were centrifuged at 1,000 rpm. The pellet was fixed with 2.5% glutaraldehyde, postfixed in osmium tetroxide, and routinely processed. Sections were stained with either uranyl acetate or lead citrate and osmium tetroxide and then examined by transmission electron microscopy.
Negative-stain electron microscopy. Sections of intestine were triturated with sterile silica using a pestle and mortar, mixed with buffered saline, and clarified by centrifugation at 1,780 ϫ g for 10 min. Clarified intestinal contents as well as allantoic fluids harvested from ECEs were centrifuged at 140,000 ϫ g for 75 min. The pellets were resuspended in 0.3-1.0 ml deionized water and 2-3 l were mixed with 100-200 l of 0.8% phosphotungstic acid (PTA); a drop was then placed onto a 200-mesh formvar-coated grid for up to 3.5 min. Unabsorbed material was wicked away with filter paper. Homogenates of SPF chicken embryos were similarly processed. The CEL cultures in which CPE was observed were frozen and thawed 3 times, then processed for electron microscopy as described above. The grids were examined on a Zeiss EM10A electron microscope.
Virus characterization
Indirect IFA. Twelve-well antigen spot slides 11, 23 were initially prepared with the ostrich virus isolate, which was subsequently propagated in Vero cells, then tested against a battery of grouping immune fluids and individual viral antibodies representing more than 200 individual viruses of the family Bunyaviridae in addition to bunyavirus-like viruses not yet grouped in the family (obtained from the WHO Reference Centre Collection at the Division for Vector Borne Infectious Diseases [DVBID], Fort Collins, Colorado). Additional slides were prepared with Vero cell cultures infected with 2 different inocula of the viral isolate. One inoculum was from the first passage in suckling mice, while the other consisted of the virus passed once in Vero cells and then once in C6/36 mosquito cell cultures. These 2 sets of slides were tested against the same battery of immune reagents.
Virus neutralization
Viruses. Prototype Turlock virus, strain 847.32, 6 and another well-established isolate of Turlock virus (strain LEN 781-19) were used as reference viruses.
Vero cells. Vero cell cultures were grown in 6-well tissue culture plates and 25-cm 2 tissue culture flasks with M199 media containing 5% FBS and were passaged weekly at a 1:5 split ratio. Flasks and plates were available for use 3 days postseeding.
C6/36 cell cultures. C6/36 cell cultures were grown in 25-cm 2 flasks and minimal essential medium (MEM) containing 10% FBS and were passaged weekly at a 1:10 split ratio. They were used 4-7 days postseeding.
Suckling mice. One-to 4-day-old suckling Swiss white mice were inoculated intracerebrally for propagation of the Turlock viruses. The Swiss white mice were obtained from the pathogen-free mouse colony maintained at the DVBID.
Reagents. Hyperimmune antiserum (HIMS) against the viral isolate from the ostrich chick was prepared in adult female Swiss white mice by administering 4 weekly injections of 0.5 ml of 10% suckling mouse brain suspension and bleeding 7-10 days after the last injection. Intracerebral (IMS 3 ) and intraperitoneal antisera (IMS 4 ) were each prepared with a single immunizing injection (quantities equal to 0.03 ml intracerebral and intraperitoneal) as described above for HIMS.
Hyperimmune antibody reagents for the 2 established Turlock viruses were obtained from the WHO Reference Centre Collection at DVBID, Fort Collins, Colorado.
The mouse hyperimmune ascitic fluid (MHIAF) was a 4immunizing-antigen-doses hyperimmune antibody prepared in ascitic fluid induced in adult mice by Sarcoma 180/TG according to procedures described. 3 Neutralization assays. Plaque-reduction neutralization tests (PRNT) were performed according to a previously described protocol 9 using Vero cell monolayers grown in 6well plastic plates. Virus-antibody mixtures were incubated at 4 C without added fresh serum factor for 18 hr before inoculation onto the Vero cells.
Serology
Serum from the ostrich chick was tested for antibodies to avian paramyxoviruses (APMV types 1, 2, and 3) by hemagglutination inhibition (HI) 22 and for mycoplasma gallisepticum (MG) and M. Synoviae (M.S.) by plate agglutination test using reagents from the National Veterinary Services Laboratory (NVSL), Ames, Iowa. The serum was also tested for antibodies to eastern equine encephalomyelitis virus (EEE) and western equine encephalomyelitis virus (WEE) by a standard virus neutralization test using Vero cells by the Texas Veterinary Medical Diagnostic Laboratory, Amarillo, Texas (R. Mock, personal communication).
In addition, 65 sera collected from ostriches between 1994 and 1996 were tested for neutralizing antibodies to Turlock virus and the ostrich virus isolate (R58217). Except for 3 sera from Arizona, all of the sera were collected from os- triches in California. The age range of ostriches from which these sera were collected was 4 wk to 4 yr. Data were collected on clinical signs and pathology (where available) for each bird from which sera was collected for serology. Virus neutralization assays for the 65 sera were performed according to a previously described method. 10
Bacteriology
For aerobic bacteria, a sample of liver from the ostrich was plated on 5% sheep blood agar and MacConkey agar, a which were then incubated at 37 C in 7.5% carbon dioxide and examined for growth at 24 and 48 hr. For Salmonella, intestinal contents were inoculated into selenite broth, a incubated aerobically at 36 C for 18-20 hr, then plated onto brilliant green agar with 20 g/ml novobiocin and xyloselysine desoxy collate with tergitol (XLT-4) agar a plates and incubated aerobically at 36 C for 24-48 h.
Toxicology
Liver was analyzed for heavy metals and selenium by inductively coupled plasma spectrophotometry. 4 In addition, liver and serum were analyzed for vitamin E content by high pressure liquid chromatography. 10
Results

Pathology
The ostrich chick had no gross lesions except for approximately 25 ml of serous fluid in the abdominal cavity and increased pericardial fluid. Histologically, the bird had moderate to severe lymphocytic encephalomyelitis involving both the gray and white matter. The lesions were most prominent in the cerebral cortex and were characterized by randomly scattered multifocal moderate malacia and spongy change ( Fig. 1 ). Multifocal necrosis of glial cells and mineralization of neurons were also noted. The mineral foci were positive for calcium by Von Kossa stain. Perivascular cuffing by lymphocytes mixed with a few heterophils and plasma cells were found scattered throughout the cerebral cortex (Fig. 2) . Optic lobes and midbrain also had mild multifocal perivascular cuffing by lymphocytes and gliosis. There were occasional axons that were swollen and eosinophilic scattered within the midbrain (Fig. 2) . The cerebellum had mild gliosis within the white matter of the cerebellar folia. Meninges were mildly thickened, especially around blood vessels, due to infiltration of lymphocytes mixed with occasional heterophils. The spinal cord had mild perivascular cuffing by lymphocytes and multifocal gliosis, but the meninges were normal.
In the heart, there were multifocal moderate to severe infiltrations of a large number of lymphocytes mixed with a few macrophages and plasma cells (Fig.  3) . This inflammation was associated with mild degeneration of myofibers. Other changes in this bird included mild multifocal necrosis of lymphocytes in the spleen, thymus, and bursa of Fabricius. The lung had a focal pyogranulomatous pneumonia associated with mycelia. These mycelia were PAS positive and had branching septate hyphae with parallel sides measuring about 5-7 m in diameter, consistent with the morphology of Aspergillus spp. Hepatocytes had mildly vacuolated cytoplasm. There were no changes in the peripheral nerves, optic nerves, retina, inner ear, and other organs.
Virology
Some embryo deaths were recorded on first passage of brain homogenate in ECEs, and this was consistent through 4 serial passages by the CAS and YS routes and 3 serial passages by the CAM route. In every case, harvested allantoic fluids were negative for hemagglutinating activity and samples taken from eggs with dead embryos were negative for bacterial growth. Negative-stain electron microscopy (EM) on allantoic fluids and embryo homogenates from the dead embryos were negative for virus particles.
A 3ϩ CPE was detected in CEL cultures on second and third passages and 4ϩ CPE on fourth and fifth passages of brain homogenate. Culture fluids were negative for hemagglutinating activity; negative-stain EM revealed bunyavirus-like particles (Fig. 4) .
Thin-section electron microscopy of infected CEL cells revealed severe vacuolations in the cytoplasm of cells containing numerous spherical virus-like particles varying in size from 80 to 120 nm (Fig. 5 ).
The intestine sample was negative for virus particles by negative stain EM.
Virus characterization
Vero cells infected with the ostrich chick viral isolate, designated R58127, from CEL cell cultures did 19 ) to a significantly greater extent (8fold) than the homologous viral isolate. This represents a greater sensitivity to neutralization by the LEN781.19 virus strain when compared with that shown by the R58127 virus with its homologous an-tibody. R58127 virus was neutralized to significantly lower titers by antibodies (prepared from mouse hyperimmune ascitic fluid, MHIAF) to both Turlock virus strians ( Table 1 ). Prototype Turlock virus antibody and LEN781.19 antibody neutralized R58127 to a significantly lesser extent (8-fold and 16-fold, respectively) than homologous virus. This is a clear demonstration of antigenic differences between the isolate and the two reference viruses.
Thus, isolate R58127 shows significant antigenic differences when compared with both Turlock virus strains. Some of the apparent antigenic differences of the ostrich viral isolate may be partially masked by the superior neutralizability, of the LEN781.19 strain in its reaction with homologous antibody. IMS 3 and IMS 4 readily differentiate prototype Turlock virus (847.132) from homologous R58127 virus; prototype Turlock virus (847.132) is significantly less neutralized ( Table 1 ). LEN781.19 virus is only partially differentiated in that only 1 of the antibodies (IMS 3 ) neutralizes it to a lower titer than with the homologous virus.
It is possible that any antigenic differences that would have been detected by using IMS 4 may have been masked by the superior neutralizability of LEN781.19 virus as compared with that of R58127 virus.
Bacteriology
There was no bacterial growth from the liver after 48 hours of incubation. Salmonella was isolated from the intestine.
Serology
Of 65 ostrich sera that were tested for neutralizing antibody against both the prototype Turlock virus and the ostrich chick virus R58127, 12 were positive (Table 2). The prevalence rate was 18.5% for each virus. However, there were two sera that were seropositive against only one of the two test viruses. One serum neutralized the R58127 isolate at a 1:10 dilution and was negative at a 1:10 dilution against the prototype Turlock virus. Another serum neutralized the prototype Turlock virus to a titer of 80 and did not neutralize the R58127 isolate at a dilution of 1:10. None of the birds had evidence of encephalitis.
Serum from the ostrich chick was negative at a 1:4 dilution for antibodies to APMV types 1, 2, and 3 by HI. The serum was also negative for antibodies to WEEV, EEEV, MG, and MS.
Toxicology
The liver contained normal concentrations of heavy metals, selenium, and vitamin E, and the serum contained normal concentrations of vitamin E.
Discussion
Lesions of encephalomyelitis would account for the clinical signs observed in the ostrich chick. The bunyavirus isolated from the brain appears to be the cause of encephalomyelitis and myocarditis in this bird. Other viruses such as Newcastle disease virus 14 and EEE and WEE viruses, which can cause encephalitis in ratites, were not isolated nor were they implicated by serology. Among ratites, emus are highly susceptible for EEE and WEE viral encephalitis, but reports in ostriches are rare (Cooper, GL, et al.: 1998, Proc WPDC, Sacromento, California, p. [16] [17] . 2, 12 This is the first evidence of a Turlock-like bunyavirus associated with clinical disease and lesions in a vertebrate host. Since the initial isolation of Turlock virus from mosquitos (Culex tarsalis) in 1954, there have not been any reports of its association with clinical disease in mammals or birds. How the ostrich chick became infected is not known. However, the owner of the ostrich chicks observed an unusually high number of mosquitos in the vicinity as well as ticks on one of his dogs.
The only other bunyavirus isolated from ostriches in the United States is Cache Valley virus in Florida in 1994 (Frazier, personal communication). However, no details are available regarding clinical disease or lesions associated with Cache Valley virus in ostriches. Another bunyavirus, Crimean-Congo hemorrhagic fever virus, caused only viremia when inoculated into 2year-old ostriches. 21 The encephalitis and myocarditis seen in this bird resemble lesions caused by Israel turkey meningoencephalitis virus (ITMV) and Highlands J virus in partridges and turkeys, WEE virus in emus, EEE virus in young turkeys, and encephalitis due to EEE virus in pheasants, partridges, and finches. 5 Because these birds were raised in California, the involvement of ITMV and Highland J viruses is not likely. The lesions seen in the ostrich chick also resemble lesions of encephalitis and myocarditis in crows, raptors, pigeons, etc., caused by West Nile virus, a flavivirus, which has caused mortality in several species of birds and has caused the death of several humans in and around the vicinity of New York City. 1, 20 West Nile virus infection in this ostrich is not likely because it was not reported within the United States prior to 1999.
Cross-neutralization tests between the ostrich chick viral isolate R58127, prototype Turlock virus, and another well-established isolate of Turlock virus (strain LEN781-19) and their homologous hyperimmune antibodies demonstrated that the R58127 isolate is a subtype of prototype Turlock virus. Antibody to the R58127 Turlock-like virus from the ostrich chick neutralized both laboratory strains of Turlock virus at least as effectively as homologous virus. However, the R58127 isolate was neutralized 4-to 8-fold less with antibody to prototype Turlock virus. Thus, the R58127 isolate is considered to be a subtype of prototype Turlock virus on the basis of the 1-way difference shown by cross-neutralization of the R58127 isolate with hyperimmune antibody to prototype Turlock virus. The neutralization results obtained with single-injection sera prepared against the R58127 isolate indicate that there are probably additional antigenic differences between the prototype Turlock virus and the R58127 isolate. From the neutralization tests, it appears that the Len781.19 strain is more sensitive to neutralization than the R58127 isolate, suggesting significant differences between the 2 viruses.
It is not known how widespread Turlock-like virus infection is in ratites. There is evidence that Turlock virus is endemic in Culex tarsalis in the Central Valley of California. 13 Nine out of 62 sera from ostriches from California were positive for antibodies to prototype Turlock virus (847-32). It is noteworthy that 3 ostrich sera from Arizona were also positive for neutralizing antibody to prototype Turlock virus, which suggests that a virus more representative of prototype Turlock virus is also endemic in Arizona. The ages of the serologically positive ostriches ranged from 3 weeks to 4 years. Older birds had higher antibody titers than younger birds, probably because they had greater exposure to the virus. Tissues from younger birds examined histologically did not reveal any evidence of encephalitis. Only serology was performed on most of the adults, and none exhibited any neurological signs.
Among the sera tested, there were 2 instances in which ostrich sera gave neutralization reactions that were homotypic type-specific reactions 9 and 1 instance of a monotypic type-specific reaction 9 with the R58127 isolate (9, 24, and 62). There was also 1 instance of a monotypic type-specific neutralization reaction with prototype Turlock virus (15) . Type-specific reactions were defined as homotypic if the homologous neutralization titer was 4-fold greater than the heterologous neutralization titer and monotypic if only 1 of the test viruses was neutralized. 9 This probably indicates that 2 antigenically different Turlock viruses were circulating in that general area of California. It is also possible that the majority of ostriches whose sera neutralized both test viruses equally were subjected to multiple exposures of Turlock virus. Conversely, the ostrich sera that gave monotypic or homotype neutralization reactions probably were from hosts that were subjected to only a single Turlock virus infection. That is consistent with our experimental preparation of infection-immune antiserum in adult mice given a single immunizing dose of infectious Turlock virus. Single-injection antisera to the ostrich viral isolate were prepared in adult mice by 2 different routes of administration. Both immune sera neutralized the R58127 isolate 4-to 16-fold greater titer than those obtained with prototype Turlock virus. The Len781.19 strain of Turlock virus was neutralized 8-fold less with 1 of the immune sera and to the same titer as that obtained with the ostrich isolate of Turlock virus with the other immune serum. In the latter case, that probably represents the superior sensitivity to neutralization of the Len781.19 isolate of Turlock virus.
The neutralization studies presented here have clearly demonstrated that differences in antigenic properties and sensitivity to neutralization exist among Turlock viruses. Furthermore, it is likely that infection with Turlock viruses in at least young ostriches results in clinical disease.
